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Abstract

The volatile fraction composition of commercially produced sweet and bitter orange oil from fruit peels was studied using GC-MS.
More than fifty components were identified in the oils using their mass spectra and linear retention indices. The monoterpene limonene
was the most abundant component even though not in a quantity expected for a fresh orange essential oil. Aldehydes, followed by alco-
hols and esters, were the main components in the oxygenated fraction. Aldehydes were the major oxygenated componentsin the sweet
orange oil, whereas alcohols and esters were present in higher amounts in the bitter orange oil. Among them, nonanal, decanal and
linalool are the most important components for the flavour of sweet orange oil and carvon is the most important ketone for the flavour
of bitter orange oil in combination with the other components. The amount of carvon gives a good indication about the freshness of the
oil and the quantities of o.-pinene and [3-pinene, sabinene and myrcene give an indication about the natural or artificially changed com-

position of the essential oils.
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Introduction

Cold pressed orange oil is widely used in beverage,
perfumery industry and aromatherapy. In generd, there are
two typesof orange oils: sweet orange oil from Citrus sinensis
and bitter orange oil from Citrus aurantium.

Sweet orange oil isthe most widely used citrus oil. It
possesses alight sweet, fresh top note with fruity and alde-
hydic character (1). It iswidely used in the flavour indus-
try especialy in beverages and candies. It can provide the
top note for citrus flavouring as well as characteristic and
most universally accepted flavour. The sweetness and in
the same time the refreshing note makes them appropriate
base for still and carbonated soft drinks.

Most of the orange oils on the world market are Italian
and American industrid oils, but there are dso dils produced
in Spain, and in the South American countries. Moreover,
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studies on laboratory-extracted oils from the ped of fruits of
specia cultivars from different regions such asAlgeria, Li-
bya, Israel, Russia, China.and Japan have been published (1).

Bitter orange oil possesses fresh citrus top notes, but
isconsidered less sweet, and even bitter and dry. It hasflo-
ral and adehydic characteristics (1). The tenacity is greater
than the most other citrus oils. In flavourings, this oil can
be used to provide a citrus top note or act as a modifier in
thedtrusblend. Themgor gpplicaionisinthedtrusflavourings
for beverages, especialy liqueurs. It also intensifies the
orange character in soft drinks.

Most of the papers pertinent to sweet orange oil com-
position were reviewed by Sawamura (2, 3) and Lawrence
(4). A large number of papers deal with the composition of
the volatile fraction of sweet orange oil and in many of
them its differencesin relation to the cultivars are reported
with particular references to the different content of
aliphatic aldehydes and linalool (5-10), and the volatile
components of bitter orange oil (11,12).

The goal of thiswork is to present away of compara
tive investigation of the cold pressed sweet and bitter
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orange oils found in the market and to see the difference
between the cils. The results are compared with the pub-
lished onesfor fresh orange oils and some indications about
the freshness and the origin are discussed.

Experimental

Two commercia samples of oils produced from peel
of Citrus sinensis and Citrus aurantium were kindly sup-
plied from an Italian flavour company.

Each sample was analysed by GC/MS using a HP
6890 Gas chromatograph equipped with a HP 5973 mass
selective detector with a HP-5 fused silica column
(30 m x 0.25mm, 0.25 umfilmthickness). Thecolumntem-
perature was changed linearly from 40t0 180 °Chy 4 °C/min,
and after that 20°C/min to 260°C. 0.2 uL wereinjected a a
split ratio of 1:100. Theinlet temperature was 260°C and the
transfer line temperature was 280°C.

The MS library used was Wiley 275. Also, compound
identification was checked by linear retention indices with
standard series of alkanes (Cq-C3,) and compared with the
LRI values in the database of the Citrus Research and
Education Centre at the University of Florida (13) and in
the book of Adams (14).

Results and discussion

Sample preparation is one of the most important proces-
sesin flavour research, because the aroma compounds are
substantialy volatile and unstable against heat (3). GC-MS
isavduabletool in characterization of essentia oilsbecause
the interpretation of the results of qualitative and quantita-
tive analysis can enable an insight in the process of produc-
tion, storage and age of the commercially produced oils.

In this work, more than fifty components were identi-
fied in the analysed sweet and hitter orange oils. The iden-
tified compounds and their linear retention indices calcu-
lated on HP-5 column are given in Table 1. For each sam-
ple, the quantitative composition (as a relative percentage
of peak area) for each component is given together with
the aroma descriptors for the components as found in the
database of the Citrus Research and Education Centre at
the University of Florida (13) and by Choi (15).

The GC-MS chromatograms obtained for both sam-
ples of essentia oils of sweet and bitter orange oil are giv-
eninFig. 1 and Fig. 2, respectively.

The datain Table 1 show that different quantities and
ratios of the same components give different taste of the
aroma. According to the data, the quantities of a-pinene,
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Fig. 2. Chromatogram of bitter orange peel oil

camphene, myrcene and octanal are higher than the usual
vaues for cold-pressed sweet and bitter orange oil (1). On
the other hand, the quantities of limonene are lower (76.65
% in sweet orange oil and 71.2 %in bitter orange oil) than
expected according to the published data for fresh sweet
and bitter orange essential oils (over 90 %) (1).

The quantity of a-terpinolene which givesthe citrus and
pine note according to odor description database of Citrus
Research and Education Centre (13) is dmost six times
greeter in bitter orange oil than in sweet orange ail. The quanti-
ty of vaencenein sweet orange oil is more than double com-
pared to hitter orange ail, which is expected because this com-
pound gives the specific sweet citrus odor for Sweet orange.

Aldehydes are the most important compounds for the
citrus flavour. The quantity of aldehydes in sweet orange
ped ail isdouble compared to the aldehydes content in the
bitter orange oil. Octand, nonanal and decanal, which are
very active odor compounds and have a sweet note, arein
higher quantity in sweet than in bitter orange ail (2).

On the other hand, alcohols content in bitter orange
oil is higher than in sweet orange oil, but linaool in both
analysed commercia oils is in bigger quantity than
expected from the published data (1).
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Also the quantity of estersis three times higher in bit-
ter orange oil in comparison to quantity of estersin sweet
orange oil, because the quantity of geranyl acetate and
linalyl acetate are very high in bitter orange oil.

There are some components expected and identified
in the in bitter orange oil like +-2-carene, n-octyl acetate,
linalyl acetate, 2,4-decadienal, 5-elemene, germacren B,
nerolidol, bergapten, which are missed in the sweet orange
oil. B-pineneis also missed in sweet orange oil and it is
present in bitter orange oil in enough high quantity.

It iswell known that the bitter taste of bitter orange oil
predominantly comes from the nonvolatile components of
the peel, but also the volatile components give a signifi-
cant part of the aroma of bitter orange oil (1). The compo-
nent which gives a bitter odor, carvon, isin higher quanti-
ty in bitter orange than in sweet orange ail. It has been
observed that orange oil deteriorates very rapidly in aque-
ous acidic environment and under the influence of light
and oxygen. Relatively high quantity of carvon in both
oils has been identified as the major degradation product
(Fig. 3), and has also been reported as a constituent of var-
ious old citrus oils (11, 16). From this we can include that
the oils purchased from the market are not fresh.
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Fig. 3. Biosynhesis of limonene and its transformation
to carvone during storage

All these results indicate that the two commercially
produced orange oils purchased from the flavour market are
not fresh and original cold pressed essentia ails, but some
of the components, like limonene, are removed from the oil

and some of the components, like o-pinene, sabinene are
added to the oils by physica or chemica methods (1).

In conclusion, the qualitative and quantitative analysis
of the commercial hitter orange oil showsthat thisoil isnot
pure cold pressed oil because the ratio o.-pinene/p-pinene
is greater then 0.8 which indicates addition of grapefruit
terpenesin the bitter orange ail (1). On the other hand, the
significant amount of myrcene (>2 %) and octanal (>0.2
%) in the commercial sweet orange oil gives an indication
that the oil is not an original cold pressed ail, but has been
modified in the manufacturing process, which is also sup-
ported by the significantly reduced content of limonene.

Table 1. Percentage composition as single components for the two different orange oils, the LRI index for each component of HP-5

column and aroma descriptors

%in
Component LRI C. snensis
Monoterpenes
1. &tuene 926 0.02
2. &-pinene 932 257
3. camphene 947 0.01
4. sabinene 972 183
5 myrcene 992 6.90
6. &-terpinolene 1090 0.13
7. &3-carene 1010 0.79
8. limonene 1033 76.65
9. trans-&-ocimene 1054 0.10
10. &-phellandrene 1060 0.01
11. &terpinene 1062 0.23
12. &-pinene 975
13. a-terpinene 1021
14. +-2-carene 1088
15. &4-carene 1351
Totd 89.24
hydrates
16. cis-sabinene hydrate 1070 0.03
Totd 0.03
alcohols
17. octanol 1074 0.07
18. linalool 1103 2.30
19. a-terpineol 1192 031
18. nerol 1233 0.07
20. €eemol 1552 0.06
21. nerolidal 1566
Totd 281
aldehydes
22. octand 1004 0.96
23.  nonand 1107 0.22
24. citrondld 1155 0.25
25.  decand 1208 127

C aj/roalr% um Aromadescriptor [13, 15]
0.02
210 pine-like, resinous, green, sweet
0.06 warm, oily, camporaceous
0.84 warm, oily, peppery, green
5.86 musty, wet soil
0.77 citrus, pine
0.37 sweet
712 citrus-like, fresh
0.32 herbacous, flowery, sweet, warm
- citrus-like, fresh
0.67 lemony, lime-like
0.79 resinous, dry, woody
0.05 lemony, citrusy
0.20
0.02
83.27
0.04
0.04
011 oapy
250 floral, green, citrus
0.83 flord, lilac-like
- fruity, floral
0.02 swest, woody, faint
0.12 woody, flord, mild
3.58
0.67 fatty, talowy, citrus -like
0.17 piney, flora, citrusy
0.12 powerful, flora, lemon
0.78 beefy, musty, marine, cucumber
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neral
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perillaldehyde
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oxides
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cis-limonene oxide
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Tota

ketones

carvone

nootkatone

Tota

acids

hexadecanoic acid
Tota

1243
1273
1276
1309
1410
1614
1757
1700
1319
1468

1356
1367
1386
1214
1259

1377
1392
13%4
1397
1339
1421
1483
1437
1455
1458
1478
1559
1485
1495
1498
1510
1519
1526

1585
1135
1140

1246
1808

1890

024
0.42
014
0.08
024
0.01
0.06
0.17

4.06

0.01
0.02
0.02

0.05

0.16
0.18
0.07
0.02

014
011
0.01
0.03
004
0.03
0.04
0.01
034
0.04
0.07
0.07
0.19

155

0.04
0.03
0.07
014

0.07
0.05
013

0.03
0.03

0.15
0.27

0.15

0.02
0.08
0.02
0.04
247

0.12
0.22
0.09
254
297

0.08
0.07
0.06

0.05
0.32
0.22
0.06
0.04
0.03
0.02
0.01
0.01
0.15
0.03

0.07
0.09

0.12

143

0.03
0.09
0.09
0.21

0.09
0.03
0.12

0.06
0.06

lemony, citrusy
citrus-like, flowery, fruity

pleasant waxy, flora

waxy, fresh, citrusy, powerful

fresh, herbaceous
orange-like

orange ped
geranium, powerful

fresh, rasy, fruity
fruity, floral, very sweet
dry, herbaceous

fruity, dightly fatty
flora -fruity

fruity, green
fruity

citrus-like, fresh

woody
swegt, fruity

swest, woody, citrusy

woody, dry, mild

woody, spicy
citruslike
citruslike

bitter, spearmint, caraway
green, grapefruit
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Pe3ume

Crnopendeno ucnuryBpame Ha eTepUYHA Macjia
O]1 CJIAIOK U TOPYWINB NOPTOKAJ

Cama Kocragunosuk', Mapuna Credosa'™ u [luana Hukonosa

1HHcmuu7yu7 3a xemuja, IIpupogno-mattiematiuyKu paxyaitier,

YHugepsuitiei ,,C8. Kupua u Meitioguj*, Ckotije, Maxegonuja

ZHHcmumym 3a Opzancka xemuja co Llenitiap 3a @uitioxemuja,
byzapcka Axagemuja na naykuitie, Cogpuja, byzapuja

Kayunu 360poeu: Citrus sinensis, Citrus aurantium, Macio of kopa of noptrokan, GC-MS, ucnapiusu KOMIOHEHTH

HcnuTyBaH € cocTaBOT Ha MCHapiuBaTa (pakiija Ha Macio Off KopaTa Ha KOMepIyjalHy IPIMEPOLH Off TOPWIUB U ClIa-
JOK MOPTOKJI, KOPUCTEjKHU ja TEXHUKATa Ha FacHa XpoMaTorpaguja co MaceHa cieKTpoMeTpuja. MneHTugukyBanu ce noeke
071 50 KOMIIOHEHTH BO COTVIACHOCT CO HUBHUTE MACEHU CIIEKTPU U PeNaTHBHYU peTEHIUCKY HHAeKcu. Haj3acTaneHa KOMIOHEHTa
€ MOHOTEPIEHOT JMMOHEH HO He BO KOJIMUYMHUTE KOM MOXKAT fla OUflaT OUeKYBAHH Off CBEXKO €TEPHYHO MACIIO Off MOPTOKAL.
Anpexuan, a IOTOA aIKOXONU U €CTEPHU ce [NIaBHUTE KOMIIOHEHTH BO OKCHT€HMpaHa (ppakiuja Ha MacinoTo. Bo MacnoTo op
CIIafloK MOPTOKAJI, ANICXUAUTE CE JOMUHAHTHY OKCUTCHUPAHH KOMIIOHEHTH OAEKa BO MACIOTO Off TOPUIUB IIOPTOKAN allKO-
XOJIUTE U ECTPUTE Ce IPOHAjAEHH BO IOrosIeMo KouuecTBo. HajouTHI KOMIIOHEHTH 32 MIPUCOT HAa €TEPHYHOTO MACIIO Off Clla-
JOK IIOPTOKAJI Ce HOHAHAJ, ielJaHas 1 JIMHAJION a 32 MAaCJIOTO Off TOPWIMBHOT MOPTOKAJI TOA € KeTOHOT KapBOH BO KOMOMHAIIU-
ja co Apyru KoMHoHeHTH. KonmmyecTBOTO Ha KApBOH € MHUKATOP 3a CBEXKUHATA M CTapOoCcTa Ha MAclOTO A0AEKA Off KOIMYeCT-
BaTa M COOHOCOT Ha O - TMHEH, [3 - MMHEeH, cabWHEeH 1 MUpPLIEH MOXKe J1a Ce POIISHH Al HMa BEIITaYKK IPOMEHH BO IPUPOJ-
HHOT COCTaB Ha €TEPUYHO MacCJIO.
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